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This grant  has been i n  e f f e c t  fo r  f i v e  years .  The objec t ive  of 

t h i s  grant  can be summarized as  follows: The performance of fundamental 

research  on the  behavior and p r o p e r t i e s  of s o l i d  materials and the  

simultaneous promotion of graduate education of s c i e n t i s t s  and engineers 

i n  t h i s  f i e l d .  This ob jec t ive  has  been pursued a t  R i c e  w i t h  consider- 

ab le  success,  as evidenced by the achievements during the  s ix  months 

covered by t h i s  r epor t .  

A t  present  there  are 35 d i f f e r e n t  research p ro jec t s  supported by 

t h i s  g ran t .  These pro jec ts  a r e  ca r r i ed  out  under the  d i r e c t i o n  of 18 

f a c u l t y  members i n  6 d i f f e r e n t  departments of the  University - Chemical 

Engineering, Chemistry, E l e c t r i c a l  Engineering, Geology, Mechanical 

Engineering and Physics . 
D r .  H. Deans of the Chemical Engineering Department has i n i t i a t e d  

h i s  own program, which is c i t e d  i n  t h i s  r epor t .  During the pas t  six 

months , i n  add i t ion  t o  10 post-doctoral  fellows or  research assoc ia tes  

( a l l  Ph.D's), 31 graduate students worked on pro jec ts  sponsored by t h i s  

g ran t .  I n  addi t ion ,  2 undergraduate s tudents  i n  the  d i s c i p l i n e  of 

Chemistry worked on c e r t a i n  phases of pro jec t s  sponsored by NASA. Six  

of the  aforementioned 31 graduate s tudents  completed all requirements 

fo r  the  Ph.D. degree and nine others have completed a l l  the  requirements 

for the  Master of A r t s  o r  Master of Science degree.  These 15 graduate 

s tudents  a r e  expected t o  receive t h e i r  respective degrees a t  t he  end of 

May 1964. 

w e r e  accepted fo r  publ ica t ion  and f i v e  were submitted t o  journa ls  fo r  

publ icat ion.  All of these  resul ted from work ca r r i ed  out under the  

grant  and a r e  summarized i n  an appendix t o  t h i s  r epor t .  

Also, during t h i s  period nine papers were published, four papers 



I. Sol id  S t a t e  Physics 

2. 

A. Paramagnetic Sp in-Lat t i ce  In t e rac t  ions 
D r  . P. L. Donoho, Department of Physics 

Work has been extended t o  include ra re-ear th  mater ia l s  which, i n  
con t r a s t  t o  iron-group materials , exh ib i t  surpr i s ing  disagreement 
between theory and experiment. Theoret ical  work i n  t h i s  area i s  
being s t a r t e d .  Work i n  t h i s  general  a rea ,  described i n  previous 
r epor t s ,  has now been presented a t  meetings of t h e  American Physical 
Society.  Reference t o  these works a re :  

"Effect oi Uniaxial S t r e s s  on the EPR Spectra of Nd3+ and U3+ 
Ions i n  CaF2", by T. D. Black and P. L. Donoho, B u l l .  &I. Phys. 
SOC - 9 ,  37 (1964) 

"Ultrasonic Paramagnetic Resonance of Uranium i n  CaF ' I ,  by 
G. C .  Wetzel, Jr .  and P. L. Donoho, B u l l .  &I. Phys. goc., 9,  (1964) 

B .  Phonon-Phonon 1nteractim.s 
D r .  P. L. Donoho, Department of Physics 

A ca re fu l  study has been made of t he  temperature dependence of 
microwave-ultrasonic a t tenuat ion  i n  CaF2. The r e s u l t s  a r e  i n  only 
p a r t i a l  agreement with ex i s t ing  theor ies ,  but  po in t  the  way toward 
development of a b e t t e r  theory of the phonon-phonon in t e rac t ion .  A 
reference t o  previous work i n  t h i s  f i e l d  ind ica tes  t h a t  some of the  
work has been presented a t  a meeting of the American Physica 1 Society.  

"Phonon-Phonon In te rac t ion  i n  CaF ", by B. R. Breed, P. L. 
Donoho and B.  Josephson, Jr . ,  Bul?. &I. Phys. =. , 9 (1964) 

C .  Spin-Wave Phonon Interact ions 
D r .  P. L. Donoho, Department of Physics 

The in te rac t ions  of spin-waves i n  ferromagnetic and antiferromagnetic 
mater ia l s ,  p a r t i c u l a r l y  ra re-ear ths ,  i s  being studied by microwave- 
u l t rasonic  techniques.  
which w i l l  produce, hopefully,  cons i s t en t ly  reproducible r e s u l t s .  
A t  present ,  r e s u l t s  cannot b e  in te rpre ted  meaningfully. 

Thin-film techniques a r e  being perfected 

D .  Superconductor Tunneling Interact ions 
D r .  P. L. Donoho, Department of Physics 

The in t e rac t ion  of phonons with bound-pair e lec t rons  tunneling through 
an insu la t ing  junct ion between two superconductors i s  being s tudied 
by u l t rasonic  techniques.  Most of the work a t  present i s  concentrated 
on producing good tunneling junc t ions .  



3 .  

E.  Laser Research 
D r .  T. A. Rabson, Department of E l e c t r i c a l  Engineering 

Results have been obtained ind ica t ing  tte po la r i za t ion  of each 
individual spike i n  t h e  output of a N d s  g l a s s  l a s e r  rod, l a s ing  
a t  1.06~ has a d i f f e r e n t  po lar iza t ion .  A new experimental setup 
which w i l l  allow a complete measurement of p o l a r i z a t i o n  wi th  a t i m e  
r e so lu t ion  of . l ~ s e c  is being assembled, The e f f e c t  of ex te rna l ly  
applied magnetic f i e l d s  on the polar iza t ion  of the  spikes w i l l  a l s o  
be studied wi th  t h e  new experimental arrangement, 

This study should r e s u l t  i n  a b e t t e r  understanding of t he  l a s i n g  
process and what gives rise t o  t h e  sp ike  na ture  of t h e  output of  
most s o l i d  s t a t e  o p t i c a l l y  pumped l a s e r s .  The e f f e c t s  of ex te rna l ly  
applied magnetic f i e l d s  a r e  of i n t e r e s t  both as  a poss ib l e  i n t e r n a l  
modulation technique and as  a means of gaining a b e t t e r  understanding 
of t h e  i n t e r a c t i o n  of t he  electromagnetic f i e l d s  i n  a solid s t a t e  
laser with the  paramagnetic ions which generate t h e  l a s e r  ac t ion .  

The ame experiments a s  described above w i l l  a l s o  be c a r r i e d  out  on 
a Nd' doped CaW04 c r y s t a l s  t o  see the  e f f e c t  of t he  d i f f e r e n t  hos t  
matrix on t h e  l a s e r  output.  

F. Superconductivity of Niobium 
D r .  W. V. Houston, Department of Physics 

Work done the  pas t  6 months has cons is ted  of a cont inua t ion  of t he  
measurement of t he  lo s ses  i n  superconducting w i r e s  ca r ry ing  60 
cycle heavy cu r ren t s ,  It was shown t h a t  the  lo s ses  could not be 
a t t r i b u t e d  t o  eddy cur ren ts  because of t h e  shape of t h e  vol tage  vs .  
cur ren t  t r a c e s  on an oscil loscope. The lo s ses  were i n  general 
proportional t o  a r e l a t i v e l y  high power of t h e  magnetic f i e l d  a t  t h e  
sur face  of t h e  w i r e .  The superconducting s ta te  seemed t o  p e r s i s t  
a s  long as the  m a x i m u m  f i e l d  a t  the  sur face  of t he  w i r e  w a s  a s  
predicted by S i l s b e e ' s  r u l e .  

The work is being continued t o  inves t iga t e  these  matters i n  more d e t a i l ,  

G .  Mechanics of Magnetic Ordering ( P a r t i c u l a r l y  Rare Earth Metals 
and Compounds) 
D r .  G.  Trammell ,  Department of Physics 

Y.  Kitano has investigated magnetic ordering i n  s t rong  c r y s t a l l i n e  
f i e l d s  and has found the  conditions under which the  c r y s t a l l i n e  torques 
may prevent long range order a t  zero temperature while allowing such 
order i n  a f i n i t e  temperature range, This work was reported on a t  
the  1964 Spring meeting of the American Physical Society a t  Washington 
and i s  being w r i t t e n  up for  publ ica t ion ,  
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F. Specht has derived expressions for the  non-isotropic i n d i r e c t  
exchange couplings i n  the  r a re  e a r t h  metals which a r i s e  from t h e  non- 
spher ica l  d i s t r i b u t i o n s  of spin d e n s i t i e s  i n  the  r a r e  e a r t h  ions 
He f inds  non-isotropic corrections of t he  order of 50% i n  t h e  case  
of the  very non-spherical Cerium and Ytterbium and of t h e  order of 
10% f o r  Holmium, near t he  middle of the  series. This work is i n  
i t s  f i n a l  s tages  and is being w r i t t e n  up as a Ph.D t h e s i s  and f o r  
publ ica t ion .  

G. T. Trammel1 has shown (Physical R e v i e w ,  i n  press) i n  regards t o  
t h e  Bohm-Aharonov e f f e c t ,  tha t  t he  vec tor  p o t e n t i a l  t e r m  appearing 
i n  t h e  expression for  t h e  Canonical momentum of a charged p a r t i c l e  
represents  t he  in t e rac t ion  electromagnetic f i e l d  momentum and i s  thus 
as "physical" as the  proper momentum of t h e  p a r t i c l e ,  which i t s e l f  
i s  p a r t l y  electromagnetic i n  o r ig in ,  

H. Nuclear Relaxation i n  Insu la t ing  C r y s t a l s  
Drs H; E ;  Rorschach; Jr .  Department of Physics 

This work i s  an inves t iga t ion  of t h e  s p i n - l a t t i c e  r e l a x a t i o n  
mechanism of nuc le i  i n  i n su la t ing  c r y s t a l s  doped with various para- 
magnetic impur i t ies  important i n  laser c r y s t a l s .  The preliminary 
s tages  of t h i s  experiment involved the  cons t ruc t ion  of a pulsed nuclear 
magnetic resonance spectrometer capable of supplying t h e  l a r g e  power 
required t o  s a t u r a t e  s o l i d s .  This spectrometer was constructed by 
D r .  Morgan Waldrop and w a s  used by him t o  inves t iga t e  t h e  temperature 
dependence of t h e  re laxa t ion  t i m e s  i n  CaF2 doped with Uranium, Erbium, 
Europium, and Samarium. (Ph.D. Thesis "An Inves t iga t ion  of t he  
Temperature Dependence of the Nuclear Spin-Lattice Relaxation Time 
of Fluorine Nuclei i n  Single Crys ta l s  of Calcium Fluoride Doped wi th  
Rare-Earth and Actinide Elements'' (1963)). This work is being 
prepared f o r  publ ica t ion  These experiments a re  continuing on the 
above c r y s t a l s  and other ra re-ear th  doped c r y s t a l s .  M r .  Robert 
Burnett is now working on t h i s  p ro j ec t  and should complete the  
requirements for  a M. A. degree wi th in  t h e  next year .  



11. Physical Metallurgy 

5. 

A. Electron Microscopy 
D r .  W .  P f e i f f e r ,  Department of Mechanical Engineering 

1. Experimental: 

a .  Operating performance of t h e  EM 200 e l e c t r o n  microscope is  
s t i l l  not completely s a t i s f a c t o r y .  Vark, us r e p a i r s  and 
modifications,  espec ia l ly  on the  e l e c t r o n  gun and a t  various 
vacuum feed throughs have been necessary t o  make operation 
a t  100 kv beam voltage poss ib le .  A new objec t  s t age ,  
s p e c i f i c a l l y  designed for  meta l lurg ica l  work and a specimen 
chamber cooling device have been i n s t a l l e d .  

b. Measurement of t he  image r o t a t i o n  a t  various magnifications 
and measurement of the  angles between t h e  image and d i f f r a c -  
t i o n  p a t t e r n  has been made. To c a l i b r a t e  t he  instrument 
as  a t o o l  fo r  e l ec t ron -d i f f r ac t ion  s tud ie s  a d i f f r a c t i o n  
standard (AL-powder) has been employed. 

c. An inves t iga t ion  of t h e  e a r l y  s tages  of p r e c i p i t a t i o n  i n  
Au-Co a l loys  has been i n i t i a t e d .  
prepared. These f o i l s  exh ib i t  s m a l l  p a r t i c l e s  which a r e  
believed t o  be the  ferromagnetic Co p a r t i c l e s  respons ib le  
fo r  t h e  high coerc iv i ty  of these  ma te r i a l s ,  

Thin f o i l s  have been 

2. Theoretical  : 

a .  The previously-published displacement functions for edge 
d i s loca t ions  i n  a semi- inf in i te  reg ion  have been numerically 
computed and p lo t ted  fo r  some parameters. The d i f f e rences  
between these  curves and those obtained from the  functions 
for  an i n f i n i t e  space a re  r a t h e r  d r a s t i c  i n  some cases .  

b. Computation of con t r a s t  curves has been extended t o  the  case  
where the  Burgers vector is  oblique t o  t h e  sur face ,  

A systematic study of t he  c o n t r a s t  phenomena of hexagonal 
d i s loca t ion  loops, as  described i n  earlier papers ((Phvs . - - S t a t .  Sol. 2, 1727 (1962) and 3, 156 (1963)) , has been 
undertaken, It turns out t h a t  f o r  a given specimen and 
under c e r t a i n  d i f f r a c t i o n  conditions s i x  d i f f e r e n t  types 
of con t r a s t  formulation may be expected. Elec t ronic  
computations per ta in ing  t o  the  four most i n t e r e s t i n g  cases 
a r e  cu r ren t ly  i n  progress. 



6.  

B .  P l a s t i c i t y  Theory of Meta~l Sinple Crystals  
D r  . W .  P fe i f  f e r  , Department of Mechanical Engineering 

I n  A. Seeger’s theory of the c r i t i c a l  shear stress, T ~ ,  the  ac t iva t ion  
volume, v, plays an important r o l e .  
decreases l i n e a r l y  with increasing temperature, T ,and if only one 
thermally ac t iva ted  process i s  con t ro l l i ng  the  flow, then one can 
der ive  a d i f f e r e n t i a l  equation fo r  v(T) which is  r e a d i l y  solved.  
It turns out  that v increases s l i g h t l y  w i t h  T. The numerical 

3 value fo r  N i  (v = 4 ,  6 c m  ) is i n  very good agreement with 
the  value 4 , 9  cm3 obtained by M. Michelitsch (g. Metallkunde 
- 50, (1959)) from creep data .  

I f  ‘ rO/G (G = shear modulus) 

C.  The Effec t  of Controlled Solute A t o m  Addition and Tenperature Upon 
Damping and Yield Phenomena i n  Magnesium Single  Crys ta l s  
D r .  J .  M. Roberts, Department of Mechanical Engineering 

Experimental s tud ies  a re  now complete upon the  e f f e c t  of a b i a s  
stress and tens ion  and compression cycles  upon damping behavior i n  
high p u r i t y  magnesium s ingle  c r y s t a l s .  Asymmetry of the  f i r s t  stress- 
s t r a i n  loop a f t e r  p a r t i a l  annealing a t  var ious b i a s  stresses has 
been observed, The s t r e s s  amplitude dependence of t h e  energy lo s s  
appears t o  be independent of t h e  b i a s  stress. Holding the c r y s t a l  
a t  constant  stress i n  the damping loop region,  allowing some micro- 
creep t o  occur,  causes a memory e f f e c t  upon subsequently observed 
damping loops. The memory e f f e c t  manifests i t s e l f  as a kink i n  the  
s t r e s s - s t r a i n  curve. It appears t h a t  i t  is poss ib le  d i f f e r e n t  
d i s loca t ions  move during the loading and unloading port ions of a 
closed unid i rec t iona l  damping loop i n  magnesium. 

The apparent e l a s t i c  l i m i t  of magnesium a t  var ious stress l eve l s  i n  
the  danping loop regions i s  observed to  vary r ap id ly  wi th  t ime. The 
e l a s t i c  l i m i t  is defined as t h e  f i r s t  marked devia t ion  from a l i n e a r  
s t r e s s - s t r a i n  r e l a t i o n ,  which i s  wi th in  10% of the  expected 
isothermal modulus and is markedly below the  macroscopic flow stress 
of the c r y s t a l .  It can vary, fo r  example, about 2 gm/mm2 i n  60 sec. 
a t  400°K. For high p u r i t y  magnesium, the  logarithm of the  r a t e  of 
change of the e l a s t i c  l i m i t  i s  observed t o  decrease about l i n e a r l y  
with rec iproca l  temperature between 400 t o  300OK. 

From 300°K t o  130°K the  r a t e  appears almost temperature independent 
S i m i l a r  s tud ies  on c r y s t a l s  doped with 0.1 atomic percent A 1  and Zn 
ind ica t e ,  t o  da t e ,  t h a t  the r a t e  of change of t he  e l a s t i c  l i m i t  i s  
f a s t e r ,  the  more impure the c r y s t a l  I n  f a c t ,  the  r a t e  for t h e  zinc 
doped c r y s t a l  i s  about 6 t i m e s  as g rea t  as  t h a t  f o r  t he  A1 doped 
c r y s t a l  of s imi la r  impurity conten t . .  These rapid changes i n  the  
e l a s t i c  l i m i t  occur i n  very shor t  t i m e s  ( t o t a l  times of about 300 
secs . )  and a r e  believed t o  be r e l a t ed  t o  very  short-range migration 
of impuri t ies  t o  d is loca t ion  Preliminary r e s u l t s  ind ica te  the  r a t e  



of change of t he  e l a s t i c  l i m i t  a t  constant temperature and t i m e  may 
be l i n e a r  with t h e  atomic percent A 1  i n  the  c r y s t a l .  The t i m e  
dependence of  t h e  change i n  the  e l a s t i c  l i m i t  i s  being s tudied  
thoroughly as  a function of concentration of  impur i t ies ,  p r e s t r a i n  
and annealing h i s t o r y  Attempts are being made t o  ob ta in  the  a c t i v a t i o n  
energy associated wi th  t h i s  rap id  pinning a s  w e l l  a s  t o  t r y  t o  
e s t a b l i s h  i t s  co r rec t  i n t e rp re t a t ion .  

The a n e l a s t i c  damping loops a t  cons tan t  stress amplitude decrease 
i n  s i z e  i n  a t  least two s tages ,  one s t age  associated with t h e  r ap id  
pinning discussed above, the o the r  occuring over a much longer 
period of t i m e ,  namely about 160 mins This slow change i s  not 
being s tudied  thoroughly a t  p resent .  It has been observed i n  t h e  
c r y s t a l s  noted above as  well as a c r y s t a l  containing 0.5 atomic 
percent A l .  M r .  David Hartman w i l l  s h o r t l y  w r i t e  up t h e  work a s  a 
Ph.D d i s s e r t a t i n n ,  

D. M ~ c _ I . Q F _ z . ~ ~ ~  in Single Crystals  of Magnesii.im 
D r  . J. M. Roberts , Department of Mechanical Engineering 

Corre la t ion  between the  microcreep d a t a  obtained i n  t h i s  labora tory  
with Seeger's theory fo r  t r ans i en t  creep has been made The la t te r  
theory should be v a l i d  only over s m a l l  s t r a i n  increments, a c r i t e r i o n  
which appl ies  to the  cur ren t  d a t a ,  Good agreement was found between 
values of t he  a c t i v a t i o n  volume deduced from stress increment change 
tests (described i n  the  l a s t  t w o  Progress Reports) and those deduced 
from a s i n g l e  t r a n s i e n t  creep curve,  t h e  s t r e s s - s t r a i n  curve a t  
very low s t r a i n  rate t h e  the p red ic t ion  of Seeger 's  theory, 
temperature dependence of  the  stress necessary t o  produce a fixed 
microcreep r a t e  i n  high pur i ty  magnesium s i n g l e  c r y s t a l s  has been 
checked. This stress appears t o  be temperature independent i n  t h e  
range looo t o  300°K. It should be noted however t h a t  fo r  high- 
p u r i t y  magnesium c r y s t a l s  unloading and reloading a c r y s t a l  reproduces 
i t s  a b i l i t y  t o  c reep  t r ans i en t ly ,  a s  i f  t h e  c r y s t a l  were unaware of 
t he  previous creep. It appears t h a t  i t  i s  e s s e n t i a l  t o  check t h e  
temperature dependence of the microcreep ra te  a t  cons tan t  T* for  
c r y s t a l s  doped with about 0.046% A l .  This would be he lp fu l ,  s ince  
t h e  la t ter  type c r y s t a l s  exhib i t  no a n e l a s t i c  recovery a f t e r  unloading 
from a series of stress increment tests, ye t  t he  high p u r i t y  
magnesium c r y s t a l s  exh ib i t  about 60% a n e l a s t i c  s t r a i n  recovery a f t e r  
about 20 stress increment t e s t s  causing a t o t a l  s t r a i n  of  about 
It should be noted t h a t  the present  microcreep r e s u l t s  go as high 
i n  s t r a i n  r a t e  as  t o  overlap t h e  work of Conrad and co-workers on 
macroscopic flow behavior by about one order of magnitude. The 
cu r ren t  r e s u l t s  i nd ica t e  tha t  d i s l o c a t i o n  motion i n  high p u r i t y  
magnesium between 7 7 O  to 300°K i s  probably cont ro l led  by a t  l e a s t  
s eve ra l  d i f f e r e n t  mechanisms. The l a t t e r  is i n  agreement wi th  t h e  
broad, low-frequency re laxa t ion  peaks which have been observed i n  
high-purity magnesium i n  t h i s  laboratory, This work was repor ted  
a t  t he  Annual Meeting of the AIME i n  New York, 1964, 

The 
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E. Dislocat ion Damping i n  Copper Single  Crystals  
D r .  J. M. Roberts, Department of Mechanical Engineering 

No new experimental work has been done i n  t h i s  area wi th in  the  p a s t  
s ix  months A general d i s loca t ion  model i s  cu r ren t ly  being inves t i -  
gated t o  explain the  r e s u l t s  obtained i n  t h i s  study. A t  present  it 
does not appear t h a t  stress induced re -or ien ta t ion  of point  de fec t s  
is the l i k e l y  o r i g i n  of t h e  damping behavior i n  copper. It now 
appears t h a t  an athermal d is loca t ion  poin t  defec t  i n t e rac t ion  i n  the  
temperature range s tudied can semi-qual i ta t ively explain the r e s u l t s .  
Details concerning the  va r i a t ion  of the in t e rna l  stress and d is loca-  
t i o n  network s i z e  with p re s t r a in  s e e m  important t o  understanding the 
experimental r e s u l t s .  The l a t t e r  a r e  being invest igated a t  present  
from da ta  t h a t  is published i n  the  l i t e r a t u r e .  This work was 
reported a t  the  Annual Meeting of the  AIME i n  New York, 1964, 

F. The Temperature Dependence of the  Act ivat ion Volume, Work-Hardening 
Coefficient and Flow S t r p s s  of Cadmi i im Si=gl_e Crystals 
D r .  J .  M. Roberts, Department of Mechanical Engineering 

The m o s t  recent  creep runs tha t  were made a r e  now almost completely 
analyzed. A c l e a r  idea of the temperature dependence of the  ac t iva t ion  
volume should then be avai lable .  I f  the  r e s u l t s  check out s a t i s -  
f a c t o r i l y ,  t he  da t a  should be ready for  preparat ion f o r  pybl ica t ion .  

G .  Microcreep in  Molybdenum Single Crys ta l s  
D r .  J .  M. Roberts, Department of Mechanical Engineering 

It has been concluded t h a t  measurement of the  temperature dependence 
of the microcreep r a t e  a t  constant e f f e c t i v e  stress should cont r ibu te  
subs t an t i a l ly  t o  understanding the slow behavior of any c r y s t a l l i n e  
s o l i d .  The r e s u l t s  on magnesium, t o  d a t e ,  appear t o  be very 
complicated because of an overlap of various d i s loca t ion  mechanisms 
i n  the temperature range invest igated.  Molybdenum exh ib i t s  a 
marked r ise  i n  flow stress with decreasing temperature a t  temperatures 
below room temperature and microcreep may only be cont ro l led  by one 
mechanism i n  t h i s  temperature range. Consequently, a de t a i l ed  s tudy 
of t he  e f f e c t i v e  stress and temperature dependence of microcreep i n  
molybdenum s ing le  c r y s t a l s  is t o  be ca r r i ed  out The purpose of 
this  i s  that it is hoped a meaningful value of t he  a c t i v a t i o n  energy 
fo r  microcreep a t  zero s t r e s s  can be obtained. The specimen geometry 
and gripping arrangement has not been worked out 
o r i en ta t ion  c r y s t a l s  w i l l  be used. One specimen i s  now prepared. 
Some modifications t o  t h e  ex is t ing  microcreep apparatus are c u r r e n t l y  
being ca r r i ed  out .  Preliminary tests a r e  expected to  be made i n  
the near fu tu re .  

Controlled 
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H. Phonon-Dislocat ion In te rac t ions  
D r s .  P. L .  Donoho, Department of Physics, and J .  M. Roberts and F. R.  
Brotzen, Department of Mechanical Engineering 

The log  decrement of L i F  s ing le  c r y s t a l s  has been measured for  
longi tudina l  waves i n  t h e  [lll] o r i e n t a t i o n  a t  room temperature and 
4.2OK. The log  decrement i s  independent of frequency between (600 
t o  1800) M c  a t  4.2OK. 
minimum a t  about 1200 Mc a t  room temperature. A resonant d i s l o c a t i o n  
damping peak has not been found. The work of T. Suzuki e t  a l ,  suggests,  
however, t h a t  t he  d i s loca t ion  peak e x i s t s  around 20 M c .  Further 
s tud ie s  a r e  required on annealed <110> and <loo> or ien ted  c r y s t a l s  
before any conclusions can be drawn regarding t h e  presm t r e s u l t s .  
I n  the  l a t t e r  experiments, a much l a r g e r  shear stress w i l l  a c t  upon 
d i s l o c a t i o n  and hence allow the  d i s l o c a t i o n  e f f e c t  t o  be inves t iga ted  
i n  d e t a i l .  The r e s u l t s  s o  f a r  obtained a r e  i n  complete agreement 
with t h e  work of T .  Suzuki e t  a l ,  namely t h a t  t h e  d i s loca t ions  i n  
L i F  a r e  overdamped and no na tura l  d i s l o c a t i o n  resonant frequency peak 
i n  the  kilomegacycle frequency range would be expected t o  be found. 
Various causes of modulation of t he  exponential decay of t h e  acous t ic  
wave have been investigated.  
have a l s o  been investigated t o  account for  some fea tu res  of t h e  re- 
s u l t s  obtained. 

The log decrement appears t o  go through a 

Phonon-phonon r e l a x a t i o n  mechanisms 

I. An E l e c t r i c a l  R e s i s t i v i t y  Study of Deformed Molybdenum Single C r y s t a g  
D r .  F. R. Brotzen, Department of Mechanical Engineering 

Sin le  c r y s t a l s  of molybdenum were deformed i n  tens ion  a t  19% 2730, 
373 and 493OK. The influence of deformation temperature and i n t e r -  
mediate annealing treatments a t  473O and 422OK upon the  e l e c t r i c a l  
r e s i s t i v i t y  w a s  investigated.  A l l  r e s i s t i v i t y  measurements w e r e  
made a t  4.2OK. The r e s u l t s  i nd ica t e  t h a t :  
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a. Poin t  de fec t s  a r e  created during deformation a t  195O and 273OK, 

b .  The rate with r e spec t  to s t r a i n  a t  which these  de fec t s  are 
produced is an inverse  function of t h e  deformation temperature , 

c. Some o r  a l l  of t h e  point de fec t s  are mobile a t  422OK and 
e i t h e r  coalesce o r  are l o s t  a t  d i s l o c a t i o n s ,  and 

d .  This movement of t h e  point de fec t s  does not a f f e c t  t he  flow 
stress. 

N o  d e f i n i t e  conclusion w a s  reached as  ye t  on t h e  d i s l o c a t i o n  model 
f o r  t he  r e s u l t s ,  nor i s  the o r i g i n  of t he  r ap id  rise of t he  a c t i v a t i o n  
volume above 300°K y e t  resolved. 
t o  check i f  the  r e s i s t i v i ty  r e a l l y  does increase  l i n e a r l y  wi th  pre- 
s t r a i n  i n  molybdenum i n  t h i s  temperature range. 
t he  r e l a t i v e  magnitude of r e s i s t i v i t y  due t o  vacancies and d i s loca -  
t i ons  w i l l  be made. 

Further s t u d i e s  are i n  progress 

An attempt t o  eva lua te  
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J .  Ultrasonic  Attenuation of LiF Single  Crystals  i n  the  Temperature 
Range 2O t o  300w Both Before and After  P res t r a in ing  and Cob0 
Gamma I r r a d i a t i o n  
D r s .  M. Yabe and J .  M. Roberts, Department of Mechanical Engineering 

A c r y o s t a t  t o  c a r r y  out  t he  i r r a d i a t i o n  and u l t r a son ic  a t tenuat ion  
measurements has been designed. The system is now under cons t ruc t ion  
and should be complete within a few weeks. I n  f a c t ,  almost a l l  of 
t h e  equipment i s  present ly  assembled. The manuscript mentioned i n  
the  previous r epor t  is now in  almost f i n a l  form. It w i l l  be 
submitted f o r  publ ica t ion  i n  the  near fu tu re ,  A t h e o r e t i c a l  study 
concerning phonon-phonon defect  r e l axa t ion  has been i n i t i a t e d -  

K .  Shear Fracture  of E l a s t i c  Materials 
D r .  J.  C 1 .  DeBremaecker and L. Mansinha, Department of Geology 

Since the  l a s t  Semi-Annual Report, progress has been made i n  the  
theoretical invcs t igat  inn of fractme phenomenon : with p a r t i c u l a r  
reference t o  shear f rac tures .  The behavior of shear f r a c t u r e  under 
hydros ta t ic  pressure has been inves t iga ted  by an extension of 
Yoffe's method. Shear f rac tures  appear t o  exist a t  low hydros ta t ic  
pressure.  Under high hydrostat ic  pressure the  propagation of shear 
f r a c t u r e  is  problematic. 
Fracture  Under Hydrostatic Pressure" was read a t  t he  45th Annual 
Meeting of the  American Geophysical Union, Apr i l  1964. 

A paper t i t l e d  'The Velocity of Shear 

Work has a l so  been completed on propagation of f r ac tu res  along a 
welded b imater ia l  in te r face .  The manuscript i s  under preparat ion 
and w i l l  be submitted for  publ icat ion i n  the  near f u t u r e .  

L.  X-Ray and R e s i s t i v i t y  Studies of Ti-V Alloys 
D r .  F. R. Brotzen, Department of Mechanical Engineering 

A de t a i l ed  X-ray s tudy of t h e  r a t e  of p r e c i p i t a t i o n  of t h e  t r a n s i t i o n  
w-phase i n  metastable B-phase titanium-base a l loys  of 15 t o  25 nominal 
atomic weight pe'rcent vanadium has been completed. 
t h i s  work ind ica t e  t h a t  the r a t e  con t ro l l i ng  f ac to r  i n  t h i s  p rec ip i t a -  
t i o n  process i s  an enhanced d i f fus ion  mechanism. 

The r e s u l t s  of 

Addit ional  work has indicbted t h a t  t he  w-phase p r e c i p i t a t i o n  r a t e  
can be s t rongly  at tenuated by very low temperature annealing (<2OO0C), 
thus "s tab i l iz ing"  the  metastable B-phase. This e f f e c t ,  i n  conjunction 
with associated e l e c t r i c a l  res is t i v i t y  measurements , has indicated 
the  exis tence of a possible  p re -p rec ip i t a t ion  phenomenon i n  these 
a l l o y s .  
f o r  the  next phase of  t h i s  research program. 

A more de t a i l ed  inves t iga t ion  of  t h i s  phenomenon is  proposed 
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Kinetics of t he  Short-Range Ordering Reaction i n  Cu-Au 
D r .  F. R. Brotzen, Department of Mechanical Engineering 

The apparatus needed t o  car ry  out  t h i s  study i s  s t i l l  being 
assembled. 
t h e  previous R e p o r t .  

The purpose and o u t l i n e  of t h e  p r o j e c t  w a s  covered i n  

Superparamagnetic P a r t i c l e s  
D r .  R. M. Asimow, Department of Mechanical Engineering 

Work on superparamagnetism i n  t h e  Au-Co system has been concluded 
and a paper based on t h i s  research submitted fo r  publ ica t ion .  
r e s u l t s  of t h i s  ana lys i s  show t h a t  i t  is poss ib l e  by magnetic means 
t o  ob ta in  q u a n t i t a t i v e  information on t h e  s ize ,  d i s t r i b u t i o n ,  and 
shape of superparamagnetic p r e c i p i t a t e s .  

The 

Quenched-In Vacancies i n  Copper 
Dr= E.; M =  h i m o w ,  Department of Mechanical Engineering 

Work on quenched-in r e s i s t i v i t y  i n  copper has been concluded and t h e  
r e s u l t s  a r e  described i n  the Master's t h e s i s  of Kou Chi Lin. The 
d i r e c t  measurement of t h e  f ree  energy of  formation of  quenched-in 
vacancies i n  copper is proceeding. Preliminary measurements i n d i c a t e  
t h a t  an emf of t h e  r i g h t  sign and magnitude is observed. Experiments 
are under way t o  determine whether reproducible r e s u l t s  can be 
obtained. Host recent  r e s u l t s  i nd ica t e ,  however, t h a t  it may not 
be poss ib le  t o  ob ta in  reproducible emf measurements a t  low cel l  
impedance. 
because of t h i s  d i f f i c u l t y .  
Anand, a Research Fellow. 

The objec t ives  of t h i s  p r o j e c t  may change s l i g h t l y  
This work is being done by D r .  V i r  D .  

Short-RanRe Order and Resistivity 
D r .  R. M. Asimow, Department of Mechanical Engineering 

A Ph.D t h e s i s  on the  e f f e c t s  of deformation on t h e  s h o r t  range order  
i n  t h e  platinum paladium system has been s t a r t e d .  I n i t i a l  experiments 
show t h a t  t h e  r e s i s t ance  of t hese  a l loys  does decrease wi th  increas-  
i ng  p l a s t i c  deformation. 

* * * * * *  
NOTE: The foregoing P ro jec t s  A to K d e a l  w i th  fundamental s t u d i e s  

r e l a t e d  t o  t h e  de fec t  so l id  s ta te ,  f u r t h e r  knowledge of which is 
required for  understanding the  complex physical and mechanical proper- 
t ies  of s o l i d s .  Examples of t he  l a t te r  a r e ,  t y p i c a l l y ,  f a t i g u e ,  
f r a c t u r e  and creep. The l a s t  f i v e  p r o j e c t s ,  L t o  P ,  c en te r  about 
research  t o  develop a be t t e r  understanding of some fundamental thermo- 
dynamic p rope r t i e s  of metals and a l l o y s .  P ro jec t s  A t o  P,  dea l ing  
wi th  l a t t i ce  d e f e c t s ,  transformations i n  so l id s ,  d i f f u s i o n  and precip- 
i t a t i o n ,  are a l l  a reas  which must be more completely understood f o r  
t h e  development of  new engineering materials. 
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111. Chemistry of Sol ids  

A .  Order-Disorder Analysis of La t t i ce  Systems 
D r .  Z .  W. Salsburg, Department of Chemistry 

Monte Carlo ca l cu la t ions  i n  a grand canonical ensemble are being 
used t o  study t h e  thermodynamic behavior of "hard hexagon" l a t t i c e -  
gas m o d e l s  i n  which the  hexagon cen te r s  a r e  r e s t r i c t e d  t o  sites on 
t h e  two-dimensional t r iangular  l a t t i ce  and t h e  i n t  rmolecular 
p o t e n t i a l  i s  an i n f i n i t e  repulsion extending t o  LI neares t  neighbors. 
Some r e s u l t s  have been obtained fo r  n = 1, 2 and 3, and the  following 
poin ts  have emerged t o  date:  

t& 

1. For n = 1, ca lcu la t ions  l a s t  F a l l  indicated a poss ib l e  phase 
t r a n s i t i o n  fo r  an 81-s i te  l a t t i c e  containing 27 molecules a t  
c lose  packing (8 = 27). 
(E = 1201, and t h e  new r e s u l t s  r e in fo rce  our earlier t e n t a t i v e  
conclusion t h a t  t he  apparent t r a n s i t i o n  i s  not f i r s t - o r d e r  but 
seems t o  be characterized by e i t h e r  a f i n i t e  d i scon t inu i ty  o r  
a s i n g u l a r i t y  i n  the  isothermal compress ib i l i ty .  A c a r e f u l  
study of t h e  compressibil i ty i n  t h e  " t rans i t ion"  reg ion  as  a 
func t ion  of t h e  number of l a t t i c e  sites would be required t o  
d i s t i n g u i s h  between these p o s s i b i l i t i e s .  This is not p r a c t i c a l  
a t  p resent  wi th  the  Rice computer and t h i s  study w i l l  be defer red  
u n t i l  a l a r g e r  memory is ava i l ab le  o r  t i m e  can be obtained on 
another machine. 

A 360-site l a t t i c e  has now been s tudied  

2 .  Results for  n = 2 with a 360-site l a t t i c e  (,N = 90) ind ica t e  a 
poss ib le  f i r s t - o r d e r  phase t r a n s i t i o n  near t he  apparent t r a n s i t i o n  
dens i ty  for  t h e  hard-disc model. A very shallow "Van de r  Waals" 
loop is  observed i n  the  canonical ensemble chemical p o t e n t i a l  
v s .  dens i ty  curve obtained by numerical d i f f e r e n t i a t i o n  of t h e  
grand ensemble Monte Carlo r e s u l t s .  While the  occurrence of 
such a loop i s  commonly in t e rp re t ed  as implying a f i r s t - o r d e r  
t r a n s i t i o n  i n  the  macroscopic l i m i t ,  a ca re fu l  study of s i z e  
e f f e c t s  i s  again e s s e n t i a l  before any real confidence can be 
placed i n  t h i s  conclusion. 

3. Limited r e s u l t s  f o r  n = 3 have shown the  necess i ty  fo r  a change 
i n  t h e  Monte Carlo sampling procedure. This case r equ i r e s  rela- 
t i v e l y  l a r g e  values of the  chemical p o t e n t i a l  i n  order t o  reach 
the  range of d e n s i t i e s  where phase t r a n s i t i o n s  s e e m  t o  occur for  
n = 1 and 2 .  Our present sampling method leads  to e f f e c t i v e l y  
"locked" configurations a t  l a r g e  chemical p o t e n t i a l s  and t h e  
Markov chain averages then converge too slowly f o r  p r a c t i c a l  app l i -  
ca t ion .  
should improve t h e  sampling. 

Several revised procedures are being considered which 
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B. Kinetic Measurements of t he  Rate of Oxidation of Nickel F o i l s  a t  
Elevated Temper a t  ures 
D r .  W. W. Akers, Department of Chemical Engineering 

During the  pas t  six months, work has been completed on "The Kine t ics  
Study of t h e  Rate of  Oxidation of Nickel a t  Elevated Temperatures". 
The r e s u l t s  i nd ica t e  t h a t  the oxidation proceeds by: 

1. A nucleation process i n  which t h e  rate increases  r ap id ly  with 
increased amounts of oxide, 

2 .  Logarithmic r a t e  s t e p  i n  which the  r a t e  decreases r ap id ly  
a s  t he  oxide later builds up, and 

3 .  A parabolic region i n  which t h e  rate is  l imi ted  by a d i f f e r e n t i a l  
process. 

C s  Measiirement of Emissivity of Nickel and Nickel-Oxide Surfaces a t  
Elevated Temperatures 
D r .  W. W. Akers, Department of Chemical Engineering 

Work is  being completed on the measurement of t he  emiss iv i ty  of 
t h e  n i cke l  a t  elevated temperatures. The emiss iv i ty  increases 
r a p i d l y  with t h e  amount of oxide u n t i l  approximately 50 micrograms 
per  square centimeter have formed. 
only a minor e f f e c t  on t h e  thermal emiss iv i ty .  Work i s  continuing 
on t h i s  phase i n  order t o  obtain a more fundamental b a s i s  fo r  thermal 
emission. 

Greater amour&s of oxide have 

D.  Mass-Spectrometric Studies of High Temperature In t e rac t ions  Between 
Gases and Condensed Phases 
D r .  J. L. Margrave, Department of Chemistry 

The Bendix mass spectrometer and the  magnetic m a s s  spectrometer have 
been u t i l i z e d  fo r  s tud ie s  of a v a r i e t y  of high temperature gas-solid 
in t e rac t ions .  I n  addi t ion ,  two microbaiances are being u t i l i z e d  t o  
provide information about vapor pressures from Knudson and Langmuir 
weight-loss measurements. 

The species over t h e  systems MnF2, NiF2, MnF2-Mn and Se02 have been 
es tab l i shed  mass spectrometrically and thermodynamic p rope r t i e s  
der ived .  
I n  addi t ion ,  t h e  s t a b i l i t y  of A1F2(g) has been determined by s t u d i e s  
of t h e  r eac t ion  between MgF (s) and Al(1). 

Vapor pressure work using the Knudsen e f fus ion  technique i n  con- 
junc t ion  with the  vacuum microbalance has been divided i n t o  two 
phases. 
w i th  t h e  measurement of the vapor pressures  of c e r t a i n  organic 
compounds i n  an attempt t o  c o r r e l a t e  thermodynamic p rope r t i e s  wi th  

Measurements on the vapor pressure of n icke l  a r e  i n  progress 

2 

The l o w  temperature phase (0-30O0C) has concerned i t s e l f  
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s t r u c t u r a l  f ea tu re s .  The compounds thus f a r  studied have been 
2,7-Dimethyl- Phenanthrene and 1'9-Domethyl-1,2-Benzanthracene. 
Enthalpies,  f r e e  energies and en t ropies  of evaporation are being 
evaluated from Second Law graphs and absolute pressures .  By 
comparison of A S ' s  fo r  s t r u c t u r a l l y  r e l a t e d  compounds one can 
determine t h e  r e l a t i o n s h i p  between condensation c o e f f i c i e n t s  and 
mo 1 ecu 1 ar geome t r y  . 
High temperature s tud ie s  a r e  t o  be done with t h e  Ainsworth recording 
microbalance. This balance has been modified f o r  high-vacuum opera- 
t i o n  and a t  t h i s  t i m e ,  t h e  balance is  ready fo r  opera t ion  wi th  a 
f a s t  pumping vacuum system which w i l l  reduce t h e  pressure  t o  the  10 
Torr region. Studies of evaporation of inorganic s o l i d s  a t  various 
high temperatures should be underway by the  f i r s t  o r  second week of 
June 1964. 
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Several runs with cesium as the  molecular beam mater ia l  w e r e  made 

d i s t r i b u t i o n  was s t i l l  obtained. 
l e v e l s ,  however, t he  r e s u l t s  were inconclusive. The de tec to r  has 
been rewired and a new beam oven has been designed and i n s t a l l e d ,  
This oven, because of its ex i t  s l i t  being a t  t h e  ceyter of t h e  se l ec to r  
d i s c ,  should e l imina te  many of t h e  alignment problems previously 
encountered. 

the  open-faced V ~ l ~ ~ i t y  selector to see if a skewed Velocity 
Because of high de tec to r  no ise  

Some add i t iona l  study has been made on the  design of a concentric- 
r i n g  velociby se l ec to r .  
d i s c  se l ec to r s )  t h a t  six concentric r ings  a re  necessary f o r  e l imina t ion  
of a l l  important s i d e  bands. 

It seems (as Bernstein has shown for  s l o t t e d -  

The change from surface-ionization de tec t ion  t o  e l ec t ron  impact 
i on iza t ion  with secondary e lec t ron  mul t ip l i ca t ion  is being studied 
s ince  t h i s  change would put a more un ive r sa l  de t ec to r  a t  our d i sposa l .  

E.  C rys t a l  S t ruc tures  of Alkaline Earth Halides 
Dr. R. L. Sass ,  Department of Chemistry 

The c r y s t a l  s t r u c t u r e  of SrBr 
c r y s t a l  X-ray d i f f r a c t i o n  stu&eE. 
have a nearest-neighbor environment of seven bromine atoms a t  
d i s tances  of from 3.13 2 t o  
atoms a t  2.63 8. 
as t h a t  found i n  the anhydrous barium ha l ides .  

H 0 has been determined by s i n g l e  
The strontium atom i s  found t o  

3.38 2 and two water molecule oxygen 
This ninefold coordination is  e s s e n t i a l l y  the  s a m e  

Because of t h e  smaller s i z e  of t he  strontium ion r e l a t i v e  t o  barium, 
anhydrous SrBr has a strontium coordination number of e igh t -  The 
ninefold coordination is  s t ab i l i zed  i n  t h e  monohydrate because of 
t h e  presence of t h e  smaller oxygen atom. 

7 
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F. Complex Ionic  Sol ids  
D r .  R. L.  Sass, Department of Chemistry 

The c r y s t a l  s t r u c t u r e s  of the carbanions ammonium tricyanomethide 
and pyridinium dicyanomethylide have been determined by s i n g l e  c r y s t a l  
X-ray d i f f r a c t i o n  s t u d i e s .  The u n i t  ce l l  cons tan ts  of these compounds 
a r e  : 

Space Group 

a 

m4C (CN) ‘gHSN3 
P 2 p  P21/m 

9.055 2 7.87 2 
b 3.87 13 12.51 

C 17.32 2 3.86 2 
B 104.6O 114.8’ 

z 4 molecules/cell  2 molecules/cell  

The C(CN)- ion is s i n g i f i c a n t l y  nonplanar. 

were measured t o  be 1.40 f: 0.01 2 and t h e  three C-N d i s t ances  w e r e  
l,15 & 0.01 2. 
molecule w a s  planar i n  the pyridinium r i n g  but  nonplanar around t h e  
t r i g o n a l l y  bonded carbon atom. The bond d i s t ances  i n  t h i s  molecule 
a r e  as follows: I n  t h e  pyridinium r i n g  the  C-C d i s t ances  a r e  a l l  
1.39 5 0.01 2, t he  C-N distance i s  1.37 5 0.01 8. The pyridinium 
ni t rogen  t o  t h e  t r i gona l  carbon d i s t ance  is  1.42 0.01 8; t he  
t r i g n a l  carbon t o  t h e  cyano carbon d i s t ance  is 1.41 5 0.01 2 and 
the  C-N cyano d i s t ance  is 1.13 f. 0.01 2. The intramolecular bond 
angles a r e  a l l  normal. 

The th ree  C-C d i s tances  
3 

The re f ined  s t r u c t u r e  of t h e  pyridinium dicyanamethylfde 

G.  Radiation Ef fec t s  on Metallic Films and Surfaces of  So l ids  
D r .  T. W. Leland, Department of Chemical Engineering 

1. A paper on t$j e f f e c t s  of H2 adsorption on the  CdS fi lms 
containing S has been completed and w i l l  be submitted fo r  
pub1 ica t ion, 

2. Studies of r ad ia t ion  induced impurity doping i n  cuprous oxide 
are continuing. An improved apparatus f o r  measuring rates of 
dehydrogenation and dehydration of alcohols is  under cons t ruc t ion .  

H .  The Nature of Gaseous-Solid In t e r f aces  
D r .  T. W. Leland, Department of Chemical Engineering 

The i n i t i a l  series of experiments on t h e  physical adsorption i n t e r -  
ac t ion  of s o l i d  surfaces with high pressure gases has beem completed. 
The r e s u l t s  a r e  co r re l a t ed  very w e l l  by an improved 2-dimensional 
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equation of s t a t e  derived from t h e  3-dimensional equation of s t a t e  
proposed by Eyring fo r  dense f l u i d s  using a simple cel l  model. 
r e s u l t s  i nd ica t e  a degree of ordering which occurs on the  su r face .  
A Ph.D d i s s e r t a t i o n  has just been completed and accepted. 

The 

I. Chemisorption of Sol ids  
D r .  H. A. Deans, Department of Chemical Engineering 

Development of t he  experimental apparatus t o  measure chemisorption 
rates by per turba t ion  chromatographic techniques is  continuing. 

J. Study of Hydrates 
D r .  R.  Kobayashi, Department of Chemical Engineering 

Experimental and theo re t i ca l  s t u d i e s  have been ca r r i ed  out  on te rnary  
systems forming hydrates.  The systems chosen fo r  the  s tud ie s  were 
methane-argon-watery argon-nitrogen-water and methane-nitrogen-water, 
and t h e  experimental s tud ies  were c a r r i e d  out  t o  a m a x i m u m  preaaure 
of 1100 atmospheres. 

The agreement of t he  experiment and theory fo r  t h e  i n i t i a l  hydrate 
formation conditions w a s  found t o  be exce l len t  for  t h e  f i r s t t w o  
systems wi th  r a t h e r  l a r g e r  deviations fo r  t h e  se lec ted  argon-nitrogen- 
water mixture. The r e s u l t s  o f  t he  las t  system a r e  being reca lcu la ted  
using an intermolecular po ten t i a l  due t o  Kohara, which takes i n t o  
account t he  non-spherical nature of t h e  molecules, 

The pos tu l a t e  t h a t  gas hydrates may occur i n  abundant q u a n t i t i e s  on 
some of t h e  outer  p l ane t s  of our s o l a r  system has been made. There- 
fo re ,  an improved understanding of t h e i r  behavior w i l l  a id  i n  the  
p red ic t ion  of conditions for t h e i r  ex is tence  on the  p l ane t s .  

K. Adsorption of Gases on Solids a t  Elevated Pressures 
D r  . R .  Kobayashi , Department of Chemical Engineering 

General equations for  obtaining component and t o t a l  adsorption i so -  
therms by a per turba t ion  method have been developed r ecen t ly  by 
G i l m e r  and Kobayashi. The high pressure  chromatographic equipment 
b u i l t  by G i l m e r  is being modified f o r  t h e  de t ec t ion  of r ad ioac t ive  
traced per turba t ions  and for lower temperature se rv i ce .  The procedure 
developed by G i l m e r ,  when completed, should provide a method f o r  
determining adsorption of multicomponent systems on s o l i d s  with ease 
and accuracy . 
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Gas adsorption data are used i n  many areas of gas treatment for the 
space program. 
speed pumping of adsorbable gases a t  low temperatures and pressures.  

A novel application i s  the use of adsorbents for high 

I - 
Signed: ‘f2, 

Franz 8 .  Brotzen- 

Dean of Engineering 

May 31, 1964 
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